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RESOLUTION IMPROVEMENT BY IMAGE SUPERPOSITION

The fact that photographic resolution is frequently limited

| by granularity, which is random, has led to the suggestion that

photographs of a particular subject be superpositioned., The super-
positioned set of photographs would thus heve less grain noise, and,
therefore, the set should have more information and a higher resolution,
Cogmetic appearance and "information content" are also affected by
superposition, but these are not presently subject te objective -
analysis and therefore are not discussed.

In this report, resolution improvement is shown to require
image registration to better than cne-quarter of the spatial peried
corresponding to the limiting resolution. Thus, to impzove the
resolution of a2 pkotograph with 50 cyc/mm (20 44 ) limicing resolution,
the second photograph would have to be aligned to the first with less
than S/ﬂ4 misregisiration, « :

. In Figure 1, the solid curves are the exposure modulation

‘(assumed gaussien) and the detectability modulation for a single

photograph. The curves are normalized such that their intersection,
vhich {5 the resolution limit for a high contrast tazget, occcurs at o
the normalized spetial frequency K/Ky = 1.0,

The dashed curves are for two superpositioned transpavencies,
The detectability modulation is reduced by (2)'%0 ‘The exposure
modulation is reduced by 0.89 at K = Ky, which presumes the registration
erkor, € , to be € = 0.15 Xy where X, = 1/K,; and the ratic of the
migregistered exposure modulation to the single transparency czpesure
modulation, T ¢ (K/K,), is

T ¢ (K) = cos(77€K)
{See appendix for derivation.) This modulation tzansfer funciion ig
shown in Pigure 2. A4s can be seen in Figurxe 1, the neow intersection

indicates a resulutiocn gain of slightly less than 10%.

In Figure 3, the potential resolution gain is graphed as a

funetion of registration error, aseuming & gaussisn transfer function.

The gain is algo a fumction of detectability modulation of the origimal
transparency at K = K, and is drawn for several values, Por the
illustrated case, the larger potential gains can ouly be realized if

the granulatity is limiting performance such that the systen's modulation
transfer function is very high (e.g. € 0.5) at the limiting resolutionm.
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A different shape of system transfer function will alter the
exact shape of the curves in Figure 3, but the general requirement for
€ < 0,25 X, will still hold. As can be seen, only modest resolution
gaine are possible, and these only vwhen superb registration can be
achieved. 4, 8, 16, etc, photos can be handled by direct extension
of this analysis,

Distortion and perspective errors are indistinguishable
from registration errors, and these sericusly affect aerial photography.
1t can be shown that the half angular field o owver which registratiea
i3 as gocd as € 1is

o = Zasi! a.sé.,\ﬁ’z:l r5 6:2!:4.2'7;& o.sé..f[?/f £ oLy 4%0%?]?

wvhere ? is the angular pointing or perspective difference in two
pbotographs and @ is the camera's angular resolution,

Since P must be small, tan f’ = . Also 8 << ? is to be
expected im any high acuity camera. Under these conditions,

| co
x=b L L1 (1 E5)" ]

and for o less tham 10 dog.

~ e 12
Ay e Xp-oe = L1+ EF]-

Thus, for 6 = 10”2 rad (2 arc-seconds resolution), ‘0 = 10'2 rad

(% deg pointing), and €/X, = 0.1 (registration-perspective error one-
tenth of limiting detail size), the total angular field over which
resolution gain is realized is only o(ror" 1.3 deg.

While image superposition may be useful to improve the
resolution of low resolution photography or to improve the cosmetic
and "information content" of any photography it {s concluded that
superposition is not attractive to improve resolution of high-acuity
aerial photography.
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APPENDIX

Derivation of Misregistration Transfer Function

aA
AN
i AN

D/srANce;“%(

On the first transparency,
. X
S; =0+ AL (27 %),

1f the sccond tremsparency is misregisi:eted by &,

- 6
S;=0* Ae(arXf).
Taus

[}

<5
S/*S-z,= 20*24%(277%:3-)649 %

The modylation with € = 0 is
- 24
Mus =~ =5
€x0 Z0 )
and for & # 0 is

e
M/.cz = -2—-4 co T

&
€ #o zp X
Thezefore the transfer function at K = Ky is
- 7e
7; s oz

aml at othezr values is

Toth)s co ZEE = coo TEK
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